Rotifers (Brachionus plicatilis), commonly used at first feeding in commercial fish hatcheries, carry a large bacteria load. Because they are relatively poor in essential fatty acids, it is common practice to enrich them with fatty acids, including arachidonic acid (AA). This study aims to determine whether prey enrichment with AA may act as a prebiotic and modify the microbial community composition either in AA-enriched rotifer cultures or in larval-rearing water using winter flounder (Pseudopleuronectes americanus) as a larval fish model. AA enrichment modified the bacterial community composition in both the rotifer culture tanks and the larval-rearing tanks. We observed an increase in the number of cultivable bacteria on TCBS (thiosulfate-citrate-bile salts-sucrose) agar, used as a proxy for the abundance of Vibrio sp. The results suggest that AA may also play an indirect role in larval health.
Introduction
The aquatic environment contains beneficial and neutral bacterial strains as well as a plethora of obligate and opportunistic bacterial pathogens that could represent a significant constraint on the commercial production of fish and shellfish. Over the last decade, the aquaculture industry has greatly increased its productivity and is now a major economic activity in many countries. The intensive rearing of marine larvae requires the addition of natural or artificial food sources to seawater. This activity could easily introduce numerous bacteria and, as a consequence, modify the microbial communities in the rearing environment or in organisms (Munro et al. 1994 ). Moreover, some production facilities use disinfection
Total bacteria abundance 116
Total bacteria abundance was determined in the rotifer-rearing seawater and in the larval-rearing 117 seawater on days 4, 15, and 26. All samplings were done early in the morning, before the addition of 118 enrichment to the rotifer tanks or before the addition of green water and food to the larval tanks. 119
Additional samples were taken of seawater before it entered the rearing tanks ("source seawater") at the 120 beginning of the experiment (day 0) and on days 4, 15, and 26 to determine the natural bacterial 121 abundance. Each sampling included two 4 ml aliquots of seawater fixed in 2% formaldehyde (final 122 concentration; pH 7). Samples were frozen at -80°C until further analyses. Total free bacteria (TB) were 123 enumerated using an EPICS ALTRA™ cell sorting flow cytometer (Beckman-Coulter Inc., Mississauga, 124 ON, Canada) equipped with a laser emitting at 488 nm. Fluorescent beads (Fluoresbrite YG 1 µm 125 microspheres, Polysciences™) were systematically added to each sample as an internal standard to 126 normalize cell fluorescence emission and light scatter values. For the analysis of bacterial abundance, 127 frozen samples were thawed and two subsamples of 1 ml were half-diluted in TE 10X buffer (100 mM 128
Tris-HCl, 10 mM EDTA, pH 8). A 1 ml volume of the resulting diluted sample was stained with 0.25 µl 129 of SYBR Green I nucleic acid gel stain (Ci = 10,000X, Invitrogen, Inc.), incubated for 10 min at room 130 temperature in the dark, and analyzed for 180s. To calculate bacterial cell abundances, the volume 131 analyzed was calculated by weighing samples before and after each run. This volume was corrected for 132 a dead volume of 50 μl (the water volume taken from the sample tube but not counted when data 133 acquisition is stopped). growth, yellow colonies with halo) were counted, but because no definite identification was made of the 149 colonies, the expression "CFU on TCBS" will be used to refer these counts. 150
151

Bacteria colonizing larvae 152
Fixed larvae were dehydrated in an ascending series of ethanol solutions and embedded in methacrylate 153 resin. Tissues were sectioned (3 μm thickness) with a Supercut Reichert-Jung model 2050 (Cambridge 154 Instruments GMbH, Germany). Sections were mounted onto glass slides, stained with the Gram Staining 155 kit (Sigma #77730), and photographed at 1000X (Olympus BX41, Japan). The occurrence of bacteria 156 was determined and quantified in gut lumen, gills, and skin. Bacterial density was randomly calculated 157 8 within the intestinal lumen (number of bacteria.mm -2 ), and the ratio "area occupied by bacteria/total 158 tissue area" was calculated on three histological gill and fin sections for each larva using the Image Pro 159
Plus software (Media Cybernetics, Canada). 160
Bacterial community characterization 162
Bacterial community composition was analyzed from larva-and rotifer-rearing seawater and from 163 source seawater. Samples (200 ml) were filtered on polycarbonate membranes (0.2 µm pore size, 25 mm 164 diameter); the filters were then cut and transferred to sterile 1. 
Statistical analyses 185
All statistical analyses were done using STATISTICA software version 6.0 (Statsoft, USA) with α = 186 0.05. Data normality was examined using the Kolmogorov-Smirnov test and homoscedasticity tested 187 with the Brown-Forsythe test (Zar 1999) . Differences between treatments were tested using a one-way 188 
Results
195
Rotifer enrichment 196
The level of AA in enriched rotifers was three-fold higher than that in control rotifers. Other essential 197 fatty acids (EPA and DHA) and total fatty acids were similar for the two diets (Table 1) . 198
199
Bacterial communities 200
In source seawater, TB abundance was similar from day 0 to 15 and was 1.3-fold higher on day 26 (T: p 201 < 0.001, F = 11.12, df = 3) ( Table 2) . TB abundance was 10,000-fold higher in rotifer cultures than in 202 larval-rearing seawater on days 4 and 15 and 1,000-fold higher on day 26. TB abundance in larval tanks 203 followed the same pattern as that observed in source seawater, with similar values from day 4 to 15 and 204 a significant increase (1.2-fold higher) on day 26 (T: p < 0.001, F = 9.17, df = 3) (Table 2) proportions of HNA, LNA, and VHNA subpopulations ( Fig. 1-2 ). HNA and LNA bacterial 210 subpopulations were observed in the rearing seawater of all tanks during the experiment ( Fig. 1-2 ), but 211 the percentage of HNA cells was lower in rotifer-rearing seawater than in larval-rearing seawater 212 (Tables 2-3) . On day 26, the VHNA subpopulation was four-fold higher in the control larval tanks than 213 in the AA-enriched tanks (Table 2) . No VHNA subpopulation was detected in the source seawater. 214 215 DGGE fingerprint patterns indicated marked differences in the bacterial community composition in 216 larval-and rotifer-rearing seawater. The number of OTUs in source seawater ranged between 19 on day 217 4 and 12 on day 26. OTUs were more numerous in the larval-rearing seawater, with 25 on day 4 and 16 218 on day 26, independent of the diet. In AA-enriched rotifer rearing seawater, only 9 OTUs were observed 219 on day 4 and 10 on day 26. In the rearing seawater of control rotifers (no AA enrichment), the number of 220
OTUs was slightly higher, with 12 on day 4 and 13 on day 26. 221
222
The cluster analysis of DGGE fingerprints (Fig. 3) indicated that control and AA-enriched rotifer-223 rearing seawater samples were clustered according to the AA-enrichment procedure and that bacterial 224 community composition in the rotifer-rearing seawater was poorly correlated with the bacterial 225 community composition in the corresponding larval-rearing seawater, as indicated by the relatively large 226 distance (> 0.75). The bacterial community composition was similar in the source seawater and in larval 227 tanks receiving non-enriched rotifers throughout the experiment. On day 4, the bacterial community 228 composition was similar in larval-rearing seawater for the two different larval diets (control and AA-229 enriched), and the bacterial community composition in the larval tanks receiving the AA-enriched diet 230 was very similar to that of the source seawater (Jaccard's distance 0.31). On day 26, the distance 231 increased (0.68) between AA-enriched and control samples, whereas control and seawater source 232 samples had a similar bacterial community composition (0.44). 233 234 CFU counts on TCBS in source seawater were low and similar from day 0 to 15 (0.6 ± 0.7 CFU.ml tanks slightly increased on day 26 and was 5-fold higher than the count observed in source seawater on 239 days 0 and 4 (Fig. 4A) . CFU counts were 3-to 14-fold higher in rotifer cultures than the highest count 240 observed in larval tanks. In AA-enriched rotifer tanks, the count peaked on day 15 and was more than 241 twice as high (D × T: p < 0.001, F = 24.44, df = 2) on days 15 and 26 compared to control rotifer tanks 242 (Fig. 4B) . 243
244
Histological observations in larval intestinal lumen, gills, and skin revealed no significant difference in 245 bacterial colonization between larval groups at the end of the experiment (day 26). Bacterial densities in 246 control larvae and larvae fed AA-enriched rotifers were respectively 2.5×10 3 ± 2.3×10 3 and 247 2.3×10 3 ± 2.5×10 3 bacteria mm -2 in intestinal lumen, 28.5 ± 35.8% and 34.5 ± 48.6% of the gill area, 248 and 16.3 ± 16.3% and 11.7 ± 8.5% of the fin area. associated with hatchery cod larvae, corresponding to the onset of exogenous feeding and a relatively 308 stable bacterial community during larval feeding on rotifers. In the present experiment, the number of 309
OTUs decreased in all larval treatments, with a reduction of 9 OTUs from day 4 to day 16 without any 310 effect related to the diet. Since a reduction of 7 OTUs was observed in the source seawater, the decrease 311 in the larval-rearing seawater may be partly explained by the source seawater. There were fewer OTUs 312 in rotifer seawater samples than in source seawater: only 9 and 12 OTUs were observed on day 4 in AA-313 enriched and control rotifer tanks, respectively. While the number of OTUs did not change in rotifer 314 tanks, DGGE fingerprints indicate a modification of the community composition: only 6 and 7 OTUs 315 were common to the day 4 and day 16 samples in AA-enriched and control rotifer tanks, respectively 316 (data not shown). At the end of the experiment, only 6 OTUs were common to AA-enriched and control 317 rotifer tanks out of the 23 OTUs that were present. Thus even though slight modifications were observed 318 in the larval rearing seawater of larvae fed enriched rotifers, the AA enrichment seems to interact with 319 the bacterial community in rotifer tanks. The DGGE fingerprint cluster analysis revealed a marked 320 distance between water samples from rotifer and larval tanks, which suggests that even if some bacteria 321 were introduced with rotifers, these bacteria did not become dominant in the bacterial community of the 322 larval tanks. 323
324
The proliferation of bacteria in intensive aquaculture systems may be responsible for poor growth and 325 mass mortality of marine fish larvae. Essential fatty acids provided in the diet could protect larvae by 326 modulating the immune response via AA and EPA. The antibacterial effect of a given fatty acid is 327 influenced by its structure and shape, with unsaturated fatty acids tending to have greater potency at low 328 
